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Abstract: Plastic is readily available and inexpensive, so it is becoming the main material for packaging. Unfortunately
plastics do not biodegrade and, if reduced in small pieces, contaminate soil and waterways. In the present work, natural films
composed of chitosan, methylcellulose, and silica (SiO2) nanoparticles (NPs) were developed as new packaging materials.
The effect of the incorporation of NPs into the polymeric film matrix was evaluated. An excellent improvement of the
mechanical properties was obtained for nanostructured films with a composition of CH:MC 50:50 and NPs 1% w/v that
make these materials able to replace plastics and derivatives, reducing environmental pollution.
Keywords: chitosan, methylcellulose, nanostructured films, packaging, silica nanoparticles
Introduction
In the modern society, since the advent of plastics, human be-
ings have contributed to pollution of the earth by plastic products
often used for packaging (Lange and Wyser 2003; Thompson and
others 2009). It is causing devastating effects for the health of
the planet and for living organisms (Derraik 2002), hence, there
has been an increasing interest to replace plastic and its deriva-
tives with nontoxic and biodegradable products (Mohanty and
others 2000; Shah and others 2008). In order to follow this line,
our research was focused on the development of new and natural
nanostructured films of chitosan (CH) and methylcellulose (MC)
for food packaging. CH is a polymer of D-glucosamine, obtained
by alkaline deacetylation of chitin, found in the exoskeleton of
crustaceans (Faroogahmed and others 1998; Ravindra and others
1998; Shahidi and others 1999; Rinaudo 2006). It is an environ-
mentally friendly material with attractive features such as biocom-
patibility, biodegradability, nontoxicity. It has been employed in
different applications: as bioadhesive and as antimicrobial, antifun-
gal, antitumor, and hypocholesterolemic agent (Majeti and Kumar
2000). Because of its mechanical and oxygen barrier properties, it
can be used to produce edible films for food packaging (Strossel
and Leuba 1984; Butler and others 1996; Chen and others 1996;
Coma and others 2002; Kamil 2002; Khor and Lim 2003; Wu
and others 2005; Prashanth and Tharanathan 2007). In the food
industry, packaging is critical process because it is central to food
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safety, quality, and product preservation.Mechanical properties and
permeability of packaging films are essential to establish a good
adhesion, to ensure good barrier against bacteria transport, and to
allow a good stream of water vapor. Other required properties for
packaging materials are durability, elasticity, flexibility, stress resis-
tance. CH films have limited elongation (Cheng and others 2003)
and, to be developed into new flexible materials, they should be
mixed with other polymers (Suyatma and others 2004; Olabarri-
eta and others 2006). Cellulose derivatives, such as MC, can be
choices because it forms a continuous matrix with excellent film
properties. MC is soluble in cold water where it forms a gel and
has been used for different purposes for problems related to consti-
pation, as emulsifier and thickener in cosmetics, in food products
as additive (E 461) because of its edible and non toxic properties
(Guilbert and others 1995). MC can form films (Debeaufort and
Voilley 1997; Turhan and Sahbaz 2004) and has different positive
properties including good solubility and oxygen barrier (Miller
and Krochta 1997). The coatings improve the product aspect, re-
duce spoilage, and control gas exchange (oxygen, carbon dioxide,
and ethylene) between food components and the surrounding at-
mosphere. Different studies have analyzed edible films of methyl
cellulose combined with lipids, polysaccharides, and polyethylene
glycol (Kamper and Fennema 1984; Greener and Fennema 1989a,
b; Donhowe and Fennema 1993), as edible packaging materials
with good barrier properties and the effect on shelf-life of differ-
ent foods was studied (El Ghaouth and others 1991; Haward and
Dewi 1995; Herald and others 1996). The miscibility of differ-
ent compounds in the final solutions is very important in order
to develop new materials with enhanced barrier and mechanical
properties, taking advantage of their single features that must be
compatible with the other components (Cai and Kim 2008). To
meet these characteristics, in the last years numerous studies based
on CH films have been undertaken. However, in most material in-
tegrity was compromised because they were inelastic. To improve
their properties, recent studies have combined these biopolymers
for film production (Pinotti and others 2007; Sangsuwan and oth-
ers 2008). Unfortunately, films obtained by mixing MC and CH
did not appear to be completely transparent, resistant, odorless,
and uniform. In this work, we propose a new film fabrication
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process that is nonpolluting and ecological, in order to obtain films
possessing high resistance, elasticity, uniformity, transparency, and
properties for use in food packaging. The objective of the present
work was to produce nanostructured composite films and investi-
gate their optical, barrier, and mechanical properties. The incor-
poration of nanoparticles (NPs) into the film matrix constitutes a
novelty explored in this work.
Materials and Methods
Experimental section
Chemicals. All commercially available solvents and reagents
were used without further purification. MC, viscosity 2% solution
in water 3000 to 5600 cP, and commercial CH from crab shells
with a degree of deacetylation 85% were purchased from Acros
Organics (Geel, Belgium). Ethanol anhydrous (reagent grade >
99.9%), bidistilled water, and lactic acid (Ph. Eur.) were purchased
from Carlo Erba Reagents (Milan, Italy). SiO2 NPs powder and
LudoxTM 50 colloidal silica 50 wt% suspension in water were
purchased from Sigma Aldrich (Milan, Italy).
Film preparation
CH (2% w/v) and MC (1% w/v) solutions were prepared. CH
was dissolved in a solution of lactic acid in water (2% v/v) and
stirred at room temperature for 4 h. MC (1% w/v) was obtained
by dissolving MC in a solution of EtOH/H2O 1:1 (v/v) and
stirred for 12 h. This hydroalcoholic solution was used to improve
the solubility of MC and to facilitate the following dissolution
of NPs. The as obtained solutions of CH and MC were mixed
according to different proportions (CH:MC 100:0, 90:10, 80:20,
70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 100:0) and, af-
ter 10 min of stirring, 1% or 2% w/v silica NPs were added
to the different solutions. SiO2 NPs solutions were prepared in
2 ways: dissolving silica nanopowder in EtOH until a final con-
centration of 1% or 2% w / v or with Ludox colloidal silica
in water 50% (w/v) until a final concentration of 1% and 2%
w/v. The final solutions (CH, MC, and SiO2 NPs) were stirred
for an hour, then sonicated in a closed vessel (degas function)
for 20 min, and finally centrifuged at 4500 rpm for 10 min at
20 ◦C for the extrusion of the incorporated air. To obtain the
final films, 80 mL of each solution was poured on aluminum trays
(size 20 × 10 cm) and left dry in a ventilated oven at 60 ◦C
for about 3 h. Finally, the samples were cooled at 20 ◦C, de-
tached from the trays, and stored in aluminum foils. All films were
conditioned before subjecting them to mechanical and perme-
ability tests, according to the standard method (ASTM 1993) by
placing them in desiccators under controlled conditions of tem-
perature (27 ◦C) and relative humidity (RH 60%) for at least 72 h .
Films prepared in this way were analyzed. Films without NPs were
prepared as reference samples.
Film characterization
Equilibrium moisture content (ECM). Film water con-
tent was determined comparing the initial sample weight,
after conditioning, and measuring the weight loss after a
treatment in an oven at 110 ◦C until constant weight
(ASTM 1995). Samples were analyzed in triplicate. Content mois-
ture percentage was calculated using the following formula and
doing the mean of 3 measures.
ECM% = ([initial sample weight/dry sample weight] − 1) × 100
Determination of water solubility. Film solubility was de-
termined as follows: films were cut into samples of dimensions 2
× 3 cm and placed in a desiccator with silica gel for 7 d. Samples
were individually weighed and then placed into a beaker contain-
ing 80 mL of deionized water. The samples were stirred at 200
rpm for 1 h at 20 ◦C, then the remaining pieces of the films were
filtered, collected, and dried in a oven at 60 ◦C until constant
weight. Samples were analyzed in triplicate. The percentage of
solubility was calculated as the mean of the 3 measures.
Percentage of solubility = ([initial dry weight
− final dry weight]/initial dry weight) × 100
Film thickness. Film thickness and refractive index were
measured using α-SE Wollam spectroscopic ellipsometry. Three
measurements were randomly taken at different locations for each
specimen and the mean value was reported. The measures were
obtained using a film model introduced as fitting parameter. A
fitting function was used to fit the curve and the mean square
error was noted to be <10.
Microscope observations at atomic force microscope
(AFM). Atomic force microscopy (AFM) images were col-
lected using a NT-MDT Ntegra AFM platform (Eindhoven,
The Netherlands) NTEGRATING probe nanolaboratory. Sur-
face morphology was evaluated on samples of 1 × 1 cm at 0.5
to 1 Hz scan speed in semicontact mode, using a silicon tip with
nominal resonance frequency of 150 kHz, 5 N/m force constant,
and 10 nm typical curvature radius. Images were processed using
the software WSxM 4.0 (Nanotec Electro´nica, Madrid, Spain).
Films with NPs were compared with images obtained with films
without NPs.
Fourier transform infrared (FTIR) analysis. FTIR spec-
trophotometer Thermo Nicolet Nexus (Thermo, Bremen, Ger-
many) equipped with a KBr-DTGS detector and a KBr beam
splitter was used to analyze the films in order to determine the
interactions of CH and MC in composite systems. The measures
were carried out in transmission, in the range 4000 to 400 cm−1
with 256 scans and 4 cm−1 of resolution directly on film sur-
face. The reference spectra of CH and MC were collected under
vacuum, on KBr pellets, using a Bruker Vertex 70v spectropho-
tometer (Bruker Optik, Ettlingen, Germany). In order to avoid
signal saturation and to obtain comparable spectra, samples were
also analyzed with near infrared (NIR) (8000 to 4000 cm−1) with
CH concentration of 50% to 70% with silica NPs. The as obtained
spectra were normalized and baseline and smoothing was applied
with OPUS software (Bruker Optik).
UV-vis analysis. UV-visible Thermo Nicolet Evolution 300
spectrophotometer (Thermo) was used to analyze films with dif-
ferent proportions of CH and MC. The measures were carried
out directly on the film surface. Samples with and without NPs
of different concentration were measured in absorbance, in the
wavelength range of 200 to 800 nm.
Permeability to O2 and CO2. Oxygen and carbon diox-
ide film permeability was estimated with automated oxygen per-
meability testing machine L100–5000 (PBI-Dansensor, Ringsted,
Denmark) at 23 ◦C and 0% RH. A sample (10 × 10 cm) was
placed in the sample holder with an exposed testing area of 63
cm2. Measurements of the transmission rates of oxygen and car-
bon dioxide were carried out according to the relevant standards
(Standard PN-EN ISO 2556 2002; ASTM 1983). Three mea-
surements were performed for each sample and the mean of the
individual results was evaluated.
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Particle size analysis. Dynamic light scattering DLS Horiba
LB-550 (HORIBA Europe GmbH, Torino, Italy) was used to de-
termine the distribution of the particle size. The nanosize particles
of silica used were solid colloidal silica Ludox dispersed in EtOH
or water at 1% (w/v). A small amount of the solution was trans-
ferred to a cuvette for DLS analysis. Measurements were made
using the HORIBA LB-550 system. The analysis was reported in
Supporting Information Figure 1.
Mechanical properties. Mechanical properties were per-
formed with a dynamometer TA-XT2i Stable Microsystems
Texture Analyzer (Stable Microsystems Ltd., Surrey, England)
equipped with a 5 kg and 25 kg load cell and analyzed using
version 2.64 Texture Expert Exceed Software (Stable Micro Sys-
tems Ltd.). Data were recorded as force (N) versus time (s) curves.
Details of the probes and methods are reported in Supporting
Information Table 1. Samples (size 10 × 10 cm) were fixed on
a horizontal heavy duty platform (HDP/90) and tested with a
spherical probe at a velocity of 1 mm/s. (ASTM 2001). With an
exponent software, the force curves were automatically recorded
as a function of time by measuring the tenacity (g) and the ex-
tensibility percentage as a function of the journey (maximum 30
mm under the plan of the sample) and the area under the curve
(g·s). Different trials were carried out on films without NPs, with
solid SiO2 NPs, and with colloidal solution of SiO2 (Ludox) at
the concentration of 1% and 2% (w/v).
Statistical analysis
Statistical analyses were carried out using the JMP program in
SAS (SAS Inst., Cary, N.C., U.S.A.). The plan provided experi-
mental variables represented by percentage of CH and MC from
0% to 100%, use of NPs of 1% to 2% (w / v), different times and
procedures of heat treatment in an oven
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Figure 1–Equilibrium moisture content (dash line) and film solubility in
water (%) (straight line) of CH, MC, and composite films.
Table 1–Permeability to O2 and CO2 flows of CH 50 films (10 ×
10 cm) with different concentrations of NPs (1% to 2%).
Sample Gas Gas
O2TR flow CO2TR flow
Film composition Conditions Conditions
Cm3 m−2 24 h−1 kPa−1 Cm3 m−2 24 h−1 kPa−1
CH 50 NPs 1% 5000 80000
CH 50 NPs 2% 4500 40000
Results and Discussion
Film formation, organization, and thickness
Films of MC, CH, and composite films were prepared. CH films
presented a yellow color while films with more MC appeared col-
orless. Lactic acid was used to dissolve CH and to improve the film
flexibility as plasticizer (Suyathma and others 2005). Lactic acid in
fact can protonate amino groups of CH molecules by changing
NH2 to -NH3+ in order to make CH more soluble in water and
to mix with MC solutions. In this way, all films are homogeneous
in the concentration range of 100% CH to 100% MC. Compo-
sition of the composite films considered are CH 90 (CH:MC
90:10), CH 80 (CH:MC 80:20), CH 70 (CH:MC 70:30),
CH 60 (CH:MC 60:40), CH 50 (CH:MC 50:50), CH 40
(CH:MC 40:60), CH 30 (CH:MC 30:70), CH 20 (CH:MC
20:80), CH 10 (CH:MC 10:90). By adding silica NPs (Ludox)
to these solutions, transparent, homogeneous, resistant, and elastic
films were obtained (Supporting Information Figure 2). As verified
by light scattering analysis, solid NPs tend to aggregate in solution
(micron dimensions), creating cluster particles that imparted an
opalescence, while using liquid NPs (Ludox), the solutions remain
stable and kept their dimensions (30.8 nm) for a prolonged time
(Supporting Information Figure 1). NPs were used in concentra-
tion of 1% and 2% (w/v) because these values are the maximum
allowed by the Food and Drug Administration for silica used as
a food additive. To evaluate film thickness, ellipsometric analysis
were carried out, resulting as film thickness varied between 15.28
± 1.71 μm for MC films to 27.12 ± 2.58 μm for CH ones.
Composite films exhibited intermediate values (CH 50 thickness
was 22.21 ± 1.92 μm).
ECM and film solubility
The ECM and the film solubility of MC, CH, and composite
films were calculated. The equilibrium moisture ranged from 6%
for MC to 18% for CH, with a behavior directly proportional to
that shown in Figure 1 (dash line). This is representative of the
fact that CH films have a high moisture content at equilibrium
with ability to hold water. Film solubility experiments revealed
that all films were highly soluble. The highest value was obtained
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Figure 2–FTIR spectra in the mid infrared of (A) composite films from CH
10 to CH 40 (from the bottom to the top; direct measurement of the film
surface), (B) CH 100 reference spectrum (KBr pellet under vacuum), (C)
MC 100 reference spectrum (KBr pellet under vacuum).
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penetration into the polymeric matrix and the following destruc-
tion of hydrogen and Van der Waals links. A similar trend, with
high solubility values (70% to 90%) for the other composite films
(Figure 1 straight line) did not differ significantly from the one
component films. From these ECM and solubility results it can be
concluded that these materials are soluble, but this water sensitiv-
ity can be a limitation for packaging materials, producing a loss
of barrier properties when the degree of hydration increases with
a consequent solubilization into food with high water activity. In
these cases, multilayer films could be a solution.
Optical analysis: FTIR and UV-vis
To assess sample reproducibility and nano organization, film
structure was analyzed by FTIR and ultraviolet-visible (UV) spec-
troscopy. Figure 2 shows the FTIR reference spectra of CH
(Figure 2B) and MC (Figure 2C) films, collected on KBr pellets
under vacuum, with their significant peaks. In particular the FTIR
spectrum of CH exhibited a broad peak at 3600 to 3400 cm−1,
which comprises 3 peaks assigned to O-H, N-H, and CH2-OH
stretching vibrational frequencies. Furthermore, the high peaks at
2926 cm−1 and 2850 cm−1 are due, respectively, to the asym-
metric and symmetric modes of CH2 (C-C and C-H) with the
peak at 1465 cm−1 assigned to the CH2 scissoring. In the 1600
to 1700 cm−1 region, amide peaks (C = O stretching of amide
bonds), amine peaks (1614 and 1643 cm−1 strong N-H bending
vibrations of secondary amines), 1000 to 1200 cm−1 (v C-O) are
observed and are reported also in different papers (Barcenas and
others 2008). In FTIR spectrum of MC, the characteristic peaks at
3471 cm−1 (O-H stretching), 2932 cm−1 (C-H stretching), 1585
cm−1 (v C-O), 1064 cm−1 (v C-O-C), 1465, 1123, 944 cm−1 due
to metoxygroups, are observed (Ledvik and others 1965; Zaccaron
and others 2005). In Figure 2A, the FTIR spectra of composite
films are reported (from CH 10 to CH 40); the spectra of films
with high CH concentration (more than 50%) are not reported
because these were considered saturated. Composite films show
peaks due to both MC and CH that overlap in different points
but the position of the main peaks is constant. In composite films
with high percentage of CH peaks of amide, amine and saccharide
structure (around 1600 to 1700 cm−1) that are not present in MC
spectrum (Khan 2002; Cardenas and Miranda 2004) could be ob-
served. Similar analysis were performed on composite films with
a concentration of SiO2 NPs of 1% for samples of CH 50, 60, 70,
leading to clear and reproducible results as seen from the spectra
collected in the range 4000 to 400 cm−1 (Figure 3). In the NIR
spectra, a combination of stretching and bending overtones of CH
and MC bonds (Figure 4B), O-H, -N-H, NH2, C-H, -CH2,
-C-O-C, and -C-C were observed. The band at 4102 cm−1
can be attributed to a combination of the C-O-C and C-
H stretching. The peaks in the area 4200 to 4700 cm−1
are assigned to a combination of -C-H stretching and bend-
ing modes. The band at 4800 cm−1 is due to a com-
bination of amide (-N-H) symmetric stretching with the
overtone of C=O. The peak at 5200 cm−1 is attributed to -O-H
stretching and bending vibrations. The broad peaks at around 6800
cm−1 consist of the overtones of the -O-H and -N-H stretching
modes with NH symmetric and OH-O stretching (Smith and
others 1989; Rathke and others 1993; Jiang and others 1997; Os-
borne 2000). These peaks were also found in composite films
(Figure 4A) with a strong signal of the peaks due to CH (4500 to
5400 cm−1) with the increasing quantity of this compound from
CH 50 to CH 70 films. A similar approach was applied to UV
spectra of films without NPs (Figure 5). A progressive decrease
of the peak due to MC (223 nm) and a proportional increase of
absorbance from the peak due to CH (274 nm) were noted in CH
10 to CH 100 samples. In Figure 6, the UV spectra of CH 50 to
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Figure 3–FTIR spectra in the mid infrared of nanostructured films from CH
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Figure 4–(A) FTIR spectra in the NIR of composite films from CH 50 to
CH 70 with 1% SiO2 NPs (B) NIR reference spectra of MC and CH.




























Figure 5–UV spectra in the range200 to500nmofMCfilms and composite
films CH:MC (from the bottom to the top) with increasing CH composition
until CH100.
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70 films without NPs (Figure 6A) with films containing 1% NPs
(Ludox) (Figure 6B) were compared. In these spectra, a blue shift
was observed from 274 nm (films without NPs) to 205 nm (film
with NPs) that is significant of the film nano composition. Also, a
proportional increase of peak intensity in UV samples from lowest
CH concentration (CH 50 straight line) to highest value (CH 70
dot line) was detected.
Mechanical properties
To assess the mechanical properties, films were subjected to dy-
namometric analysis. During these measures, the samples were
subjected to forces ranging from 5 kg to 25 kg using the corre-
sponding load cell to measure their strength. The first trial was
carried out on CH and MC samples without NPs using a load cell
of 5 kg. In this experiment, the best results of tenacity (around
6000 g) were obtained from samples CH 50 to 80 but only the sam-
ple CH 50 showed an extensibility of 100% with a good strength
and elasticity, while the other samples subjected to the same con-
ditions broke (Figure 7, square symbol). Mechanical properties of
MC and CH films reported in literature (Donhowe and Fennema
1993; Debeaufort and Voilley 1997) were similar to those obtained
in the previous experiment but direct comparison was difficult be-
cause it is necessary to consider the different preparation methods
and the type of acid used to solubilize CH (Butler and others 1996;
Caner and others 1998). The founded values of tenacity for films
without NPs are comparable to different commercial polymeric
films of medium strength such as cellophane. Trying to improve
the mechanical properties, the same measures were carried out on
films with NPs (solid SiO2 NPs solubilized in EtOH). All sam-
ples with NPs resisted to the load cell of 5 kg; for this reason,
a force of 25 kg and the best values of tenacity were obtained
for samples CH 50, CH 60, CH 70 (Figure 7). In particular, the
highest values, around 12000 g were obtained for samples with a
concentration of NPs of 2% (CH 50 diamond symbol) while for
a concentration of 1% (CH50 hexagonal symbol), a tenacity value
of 11000 g with an extensibility around 100% was noted. Unfor-
tunately, the use of these NPs did not result in the desired product
because particles aggregated in solution reaching micrometer di-
mensions, which were visible and further confirmed by light scat-
tering experiments contributed to the opacity and inhomogeneity
of the samples. Trying to improve film properties, solutions of NPs
(Ludox) were used instead of solid SiO2 NPs. In this experiment,
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Figure 6–UV spectra in the range 200 to 500 nm of composite films CH 50
to 70 (from the bottom to the top) (a) without NPs (b) with 1% SiO2 NPs
(Ludox solution).
samples CH 50, CH 60, CH 70 with a tenacity around 13500 g
with 1% NPs (Figure 7 star symbol) and a value of 12000 g
for samples with 2% NPs (Figure 7 right triangle symbol). For
CH 50 samples with 1% NPs (Ludox), the extensibility observed
was 100%, revealing the best film conditions. From these results,
it can be concluded that the introduction and dispersion of Ludox
NPs into the film matrix led to a film strength more than twice
(from 6000 to 13000 g) in comparison to films without NPs.
Statistical analysis
The data were evaluated using the JMP 3.1 statistical package
(SAS Inst.). To compare the effect exerted by different treatments,
the data were checked for normal distribution and compared by
analysis of variance test. The differences were considered signifi-
cant and highly significant for p values of <0.05 and <0.01, re-
spectively. The plan provided experimental variables represented
by percentage of CH and MC from 0% to 100%, use of NPs of
1% to 2% (w/v), different times and procedures of heat treatment
in an oven. From statistical analysis of data from different films, it
was found that CH 50 films with 1% NPs had the best properties
(bringing together the positive properties of both CH and MC);
hence these samples were subjected to AFM and permeability
measurements.
Microscopic characterization
Atomic force microscopy (AFM) was carried out to determine
the microstructure of different samples with and without NPs. All
prepared films were easily removed from the aluminum trays and
no cracks or pores were visible from AFM although the formu-
lation did not include a plasticizer. In Figure 8A sample without
NPs (left) and with NPs (right) is shown. In both samples, air
bubbles were still present and materials produced with NPs (right)
had parallel fibers highly ordered contributing to high mechanical
strength due to nano preparation. This arrangement of fibers was
not visible in films without NPs so this confirms the different film
morphology that confers different mechanical properties.
Film permeability
Gas permeability describes the way of dissolution and the rate of
diffusion of a gas through a film, due to a different concentration
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 Films with (s) NPs 1%
 Films with (s) NPs 2%
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 Films with ludox NPs 2%
Figure 7–Dynamometric analysis of CH:MC samples at different concen-
trations (CH 40 to CH 90) without NPs (square symbol, load cell 5kg), with
1% and 2% w/v solid SiO2 NPs in EtOH (hexagonal and diamond symbol,
load cell 25 kg), with 1% and 2% w/v SiO2 NPs in water (Ludox) (star and
right triangle symbol, load cell of 25kg).
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Figure 8–AFM images of CH:MC 50:50 films
synthesized without silica NPs (left), and with
NPs (right). In both images some air bubbles are
visible.
between 2 film sides (Gennadios 2002). It is important to measure
the permeability of edible films to oxygen and carbon dioxide
because oxygen can cause food oxidation (changes of odor, color,
flavor, and nutrients deterioration) for this reason films with good
oxygen barrier can improve food quality with extended shelf life
(Sothornvit and Pitak 2007). Carbon dioxide can be formed in
food initiating deterioration reactions and has to be removed to
ensure food freshness (Vermeiren and others 2003). Permeability
experiments were carried out to assess the gas/vapor transport
properties. Table 1 shows the results of the CH 50 films (thick-
ness 22.21μm) submitted to O2 and CO2 permeability tests. Films
with 1% NPs had good permeability values for O2 vapor and CO2
flow. With the addition of NPs, these values halved, showing a net
decrease in film permeability, as expected. As shown in literature,
the permeability of CH films is generally lower, but this film is also
composed of MC and NPs that influence the permeability, as re-
ported in Rao and others 2010. In fact, gas permeabilities of edible
films is influenced by different factors as hydrophilic–hydrophobic
ratio, polymeric chain mobility, interaction between film poly-
mers and plasticizers (Garcia and others 2000; Souza and others
2009). Also, the molecular size of starting materials and film com-
position can establish how fast the gas molecule diffuses through
the films. For the 2 gases studied here, and confirmed by these
analyses, CO2 is much more permeable than oxygen because of
its much higher solubility, due to presence of water in the films.
From these results it is clear that by changing the film constitu-
tion and the NPs concentration, permeability of the films can be
controlled to obtain materials with desired properties for specific
applications.
Conclusions
CH and MC composite films with different ratios were studied
and its effect on film structure and properties was verified by
experiments. Film solubility increased with the addition of MC
to the matrix and its chemical characteristics studied by IR (NIR
and mid infrared) analysis of CH films. Addition of NPs to the
films resulted in a UV blue shift, and films with high tenacity,
elasticity and homogeneity could be fabricated. Nano organization
improved mechanical and optical properties.
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